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Abstract 
We applied thinning prescription in arborvitae plantation in the northern Beijing to hasten secondary succession. 
We quantified the effect of thinning on the distribution of vegetation carbon stocks, and on the carbon accumulation 
rates between 2005 and 2009. The carbon stocks in the trees were highest in all control plots and lowest in total plots 
from high thinning, while total understory carbon stocks were different with trees across treatments. Plots from the 
control in shady slope with thick slope, the low thinning in sunny slope with thick soil and the sunny slope with 
thinned soil were highest in carbon accumulation rates. These results suggest that carbon recover following the 
treatments, it can be necessary to consider the compensatory responses of understory vegetation as such shifts in 
growth form can affect in the allocation of carbon in the vegetation ecosystem. 
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1. Introduction 
The increase in CO2 concentration in the atmosphere is of special issue because of the role of this gas 
in global climate changes [1-2]. Carbon sequestered resulting from forest in temperate ecosystems plays an 
important role in regulating global carbon dioxide. Studies in the global scale have indicated that forest 
ecosystems in the Northern Hemisphere are functioning as significant sinks for atmosphere CO2[3-5]. 
Factors affecting the amount and rate at which forests sequester carbon include climate, disturbance, 
management, land use history, and species composition. All these factors, undoubtedly, affect stand 
growth and, subsequently, the amount and rate of changes in carbon pool[6]. An increasing body of 
evidence suggests that thinning as silvicultural tool is widely used to increase tree-level wood production 
[7].To better understanding of the influence of forest management on the carbon cycle, people must 
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therefore be acquired to select the most appropriate forest management strategies for develop tree C 
storages, and quantify forest carbon pool over the past time[8-9].  
Currently, many researches have focused on carbon budgets of specific species in forest in China[10-11]. 
However, such studies are lacking in Platycladus orientalis forest, which is the dominant tree species in 
Beijing in terms of surface area occupied, approximately covering 88,003 ha in pure stands[12], while 
several studies have carried out the effects of vegetation thinning on stand growth, undergrowth and soil 
in Platycladus orientalis[13]. The study conducted in this paper by long-term monitoring is extension of 
previous studies in arborvitae plantation, Beijing, and is to estimate approximately distribution of 
aboveground carbon stocks over the past years under different silvicultural thinning, which has broad 
implications to cantonal substantial development and design for other cities. 
In the study we set out to quantify the vegetation carbon density,  the response of total aboveground 
carbon stocks, the distribution of carbon among functionally distinct pools to thinning prescribed 
commonly used to increase tree-level wood production for different areas in arborvitae plantation in 
mountain areas, the north of Beijing. We asked the following questions:   
1. How about the carbon stocks in arborvitae plantations in Beijing. 
2. What is the overall effect of the thinning on vegetation carbon stocks in total ecosystem carbon? 
What about the carbon accumulation rates in different component pools? 
3. What does the transition of carbon pools in five years after thinning such as foliage, wood and root? 
And whether are they affected by thinning? 
2. Methods  
2.1 Study area 
Experimental Forest is located in the national forest of the northern part of Beijing, including two 
reprentative districts which are named Changping(40°44′N, 116°35′E) and Miyun(40°25′N, 116°53′E). 
They respectively cover 21,378 ha and 72,226 ha, and receive an average of 430.9 mm of annual 
precipitation. The area experiences a semiarid temperate climate zone, and the mean air temperature is 
approximately 13.1℃. The coldest mean monthly is -3.9℃ in January, while the warmest is 26.5℃ in 
July. The soils studied are sandy loam in Chinese soil taxonomy.  
2.2 Experimental design  
The study units in this study were placed in three separate management unites conducted in Long 
mountain and Hanbao Mountain of Shisanling forestland in Changping District, Shuizhang village in 
Miyun District, which respectively represented arborvitae plantation in shady slope with thick soil(L), 
sunny slope with thick soil(H) and sunny slope with thinned soil(S) of arborvitae plantations. The 
selection of management units to be thinned was made prior to the study, based on the site condition. The 
exact placement of each plots within a management was arbitrary with deliberation where large slash 
piles were draw away by forester after thinning prescribed.  
Table 1. Stand characteristics across thinning treatments 
Type Treatment Elevation (m) Soil depth（cm） Age (a) Density(trees/ha）
S Control 125 40-50 38 7600 
 Low 125 40-50 38 4800 
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 Mean 125 40-50 38 3700 
 High 125 40-50 38 3400 
H control 140 80-90 27 5900 
 Low 140 80-90 27 4100 
 Mean 140 80-90 27 3700 
 High 140 80-90 27 3000 
L Control 130 90-100 25 4100 
 Low 130 90-100 25 3600 
 Mean 130 90-100 25 3200 
 High 130 90-100 25 2500 
S: forest in sunny slope with thinned soil; L: forest in shady slope with thick soil; H: forest in sunny slope with thick soil; 
All unites considered in this study consists of four levels of thinning: control (0%), low thinning(20%-
35%), mean thinning(35%-45%), high thinning(45%-55%)(shown in Table 1). Each plot was with no less 
than 5-m aisle between plots. Tree height, basal area, and density of all trees were measured in all plots at 
the beginning of the experiment. 
2.3 Measurements of carbon stocks  
 Height and diameter at breast height were recorded on all trees with DBH〉2cm in each measures 
following the growing season during 2005-2009. We defined aboveground carbon stocks as trees(dead 
and living trees), and understory(shrubs and grass). Aboveground biomass and component carbon stocks 
were estimated by tracking each individual tree in prescribed forests using species-specific allometric 
equations[14-15]. To determine plot-level understory biomass, five (5x5) m2 subplots were measured per 
plot in the growing season of 2005, 2006 and 2009. Carbon stocks then were caculated from biomass 
using a factor of 0.5. The same allometric equations were used across all treatments. Since stands differ in 
their initial carbon stocks, straightforward comparisons among plots ware most easily made using carbon 
accumulation rates which were simply the annual average carbon stocks between2005-2009. 
3. Results  
3.1 Height and tree basal area 
We observed higher significant total tree basal area in the control than in the thinned stands from 2005 
to 2009(Fig.1A-C). Regarding total tree during the treatment in L, nearly 500-1600 trees/ha are cut in the 
thinned stands. Growth of basal area decline substantially with thinning(20.11, 18.90 and 14.64m2/ha, 
respevtively; Fig. 1A), mainly because of the larger number and height of trees in the control plot(4100 
trees/ha, 7.70m; Fig. 1D). 
After prescribed treatment in H, we observe a recovery growth of trees basal area in the low 
thinning(18.44m2/ha) compared with the thinned plots. The density and height of the trees in this 
category is greatly lower than in the control plot(nearly 4,100 and 5,900 stems/ha, respectively; Fig. 1B, 
916  Fang Liang et al.\ / Energy Procedia 14 (2012) 913 – 9184 Author name / Energy Procedia 00 (20 1) 0 0–000 
L
0
5
10
15
20
25
30
2005 2006 2007 2008 2009
Ba
se
l 
ar
ea
(m
2 /
ha
)
A
H
0
5
10
15
20
25
30
2005 2006 2007 2008 2009
Ba
se
l 
ar
ea
(m
2/
ha
)
B
S
0
5
10
15
20
25
30
2005 2006 2007 2008 2009
Ba
se
l 
ar
ea
(m
2/
ha
)
C
L
0
2
4
6
8
10
2005 2006 2007 2008 2009
He
ig
h（
m）
D
L
0
10
20
30
40
50
60
70
C L M H C L M H C L M H C L M H C L M H
2005 2006 2007 2008 2009 Ov
er
st
or
y 
ca
rb
on
 s
to
sk
s
(t
 C
/h
a)
A
H
0
10
20
30
40
50
60
70
C L M H C L M H C L M H C L M H C L M H
2005 2006 2007 2008 2009 
Ov
er
st
or
y 
ca
rb
on
 s
to
ck
s
(t
 C
/h
a) B
S
0
10
20
30
40
50
60
70
C L M H C L M H C L M H C L M H C L M H
2005 2006 2007 2008 2009 
Ov
er
st
or
y 
ca
rb
on
st
oc
ks
(t
 C
/h
a)
S tem Banch Foliage Root
C
H
0
2
4
6
8
10
2005 2006 2007 2008 2009
He
ig
h(
m2 /
ha
) E
S
0
2
4
6
8
10
2005 2006 2007 2008 2009
He
ig
ht
(m
)
C L M H
F
E). Therefore, trees of this category respond to the treatment by having greater DBH compared to trees in 
the control plots. 
We find that plot from mean thinning in S is highly responsive to the treatment which have 
significantly larger growth in basal area and tree height in the mean thinning plots(Fig.1C, F). However, 
these trees are obviously less abundant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Basal area(A-C), trees height(D-F) in the control and thinned stands in shady slope with thick soil(L), sunny slope with 
thick soil(H), sunny slope with thinned soil(S) in control and thinned stands of arborvitae plantation. C shows the low thinning, M 
shows the mean thinning and H shows the high thinning. 
3.2 Aboveground and root carbon stocks 
The distribution of carbon stocks among plant components(i.e. stem, branches, foliage，root) and 
growth form(trees and understory) across treatments are shown in Fig. 2(A-F). Patterns of trees carbon 
stocks is highest five years after thinning prescribed in the control plot, but is only marginally different in 
the thinned plots. Despite differences in the proportion of plant components following the treatment, the 
total aboveground-level stem: branches: foliage: roots carbon ratios are basically stable 45:25:20:10 
among all treatment. We find that plots were thinned from low, mean and high in L five years after 
prescribed treatment, total tree carbon stocks are, on average, 0.74, 0.70, and 0.58 of that measured in the 
control plot. Similar comparison with the forest in S, total trees carbon stocks averagely is 0.70, 0.74 and 
0.68 of that calculated in the control plot. Patters in understory carbon stocks are different with that of the 
trees carbon stocks. In comparision with the control plot following the stand, total understory carbon 
amount is 1.05, 1.35 and 1.65 times higher in L, is 1.27, 1.64 and 1.59 times larger in H and is 1.52, 2.00 
and 2.13 times higher in S respectively measured in plots from the low, mean and high thinning. 
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Fig.2 Distribution of trees(A-C) and understory(D-F) carbon stocks in shady slope with thick soil(L), sunny slope with thick 
soil(H), sunny slope with thinned soil(S) in control and thinned stands of arborvitae plantation. C shows the low thinning, M shows 
the mean thinning and 
4. Discussion
4.1 Thinning and component carbon stocks
Carbon stocks of arborvitae plantations in different stands of the northern of Beijing, 2009, ranged 
from 49.3-61.6 t C/ha, which was higher than the mean carbon stocks for that in Xi Mountain(19.9 t C/ 
ha ) [14]. In all aboveground carbon stocks, most recorded carbon came from trees(46.99-58.91 t C/ha) and 
only 3%-5% from the undergrowth vegetation.  In all main temperate forests, carbon stocks in arborvitae 
plantations was comparable to birch forest(49.3-61.6 t C/ha) and pine plantation(47.0-54.0 t C/ha) in 
Dongling Mountain, but larger than the oak forest(35.0-37.7). Although the carbon stock of the 
mountainous temperate forests in Beijing(49.3-61.6 t C/ha) was lower than that of old-growth deciduous 
broadleaved forests at the same latitude, it was considerably similar to the mean carbon stock (57 t C/ha) 
of forests in the mid-latitude countries[5,7]. 
Countless empirical studies demonstrate that stand structure changing can reduce overall stand 
production while increasing the productivity of the remaining trees[11.17]. However, density managements 
result in little difference in stand-level productivity, provided that enough time is applied. We assessed 
the carbon consequences of thinning-induced changes in arborvitae plantations over five years, and the 
results indicates that the choice of thinning method has the potential to alter the stand′ ability to sequester 
carbon. We observed that plot from control in L had the highest carbon accumulation rate in all 
plantation(12.14t C/ha·yr), while the plots from low thinning in H and S had the highest carbon 
accumulation rate(7.95, 8.36 t C/ ha·yr).  
Our results show that understanding the effects of such thinning on the ecosystem-level carbon stocks 
requires one to consider additional factors such as compensatory responses of undergrowth vegetation and  
allocation form among foliage, wood and root. The thinning prescriptions considered in this study appear 
to have resulted in a substantial increase in carbon accumulation rates of understory, especially in root 
production. While the magnitude of this response is likely to depend on the level of forest thinning, this 
response has been observed by many studies in Beijing[6]. We observed that the aboveground carbon 
stocks represent 75-90 percent of the total vegetation-ecosystem but belowground represented 10-25 
percent. Our results are comparable to the previous study conducted in arborvitae plantations of Xi 
mountain, Beijing (aboveground:84%, blowground:16%) [14]. Furthermore, the results conducted in our 
study are close to the other three temperate forest ecosystems in Beijing (birch forest, ask forest and pine 
plantation) that the belowground/aboveground carbon stock ratio approximately was 0.22-0.25 in total 
vegetation ecosystem [7]. 
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